A total of 12 well-characterized strains of Actinomyces viscosus and A. naeslundii grown on Trypticase soy agar plates supplemented with sheep erythrocytes were examined by light microscopy and transmission electron microscopy after treatment with appropriately labeled antisera to homologous and heterologous strains. Cells incubated with homologous rabbit antisera followed by fluoresceinisothiocyanate (FITC)-conjugated goat anti-rabbit immunoglobulin G (IgG) exhibited a completely smooth fluorescent outline in the case of A. naeslundii and an interrupted, irregular fluorescent outline in the case of human strains of A. viscosus. The different labeling patterns appeared to be related to the presence at the ultrastructural level of long, unevenly distributed strands of "fuzz" on the surface of human A. viscosus cells, whereas A. naeslundii cells had a narrower layer of fuzz, of more even thickness. The immunocoating reaction revealed homologous antibody binding to the irregular strands of fuzz on the surface of human A. viscosus cells, whereas homologous antisera to A. naeslundii coated A. naeslundii cells with a moderately electron-dense coating of antibody of even thickness. Human strains of A. viscosus incubated with heterologous antiserum to A. naeslundii followed by FITC-labeled goat anti-rabbit IgG exhibited a segmented fluorescent outline, which differed from that produced with homologous antisera. A. naeslundii incubated with heterologous rabbit antisera to human A. viscosus strains and FITC-labeled anti-rabbit IgG exhibited a completely smooth fluorescent outline similar to that produced with homologous antiserum. A. viscosus strains of hamster origin differed from A. viscosus strains of human origin by the absence of a surface fuzz and the comparatively smooth, even fluorescence produced by incubating these cells with homologous rabbit antiserum followed by FITC-labeled goat anti-rabbit IgG. Antiserum to a hamster strain did not cross-react with A. naeslundii or human strains of A. viscosus. Under the growth conditions of this experiment, ultrastructural features and labeling patterns with the indirect fluorescent technique may be useful in differentiating these serotypes from one another.
Actinomyces naeslundii and A. viscosus are common inhabitants of the oral cavity which have been implicated as potential pathogens for both periodontal disease (12, 14, 20) and root caries (18) in humans and experimental animals (3, 5, 9, 17) . Biochemically, these species closely resemble each other, the main 
RESULTS
Indirect fluorescent antibody labeling. Table 1 summarizes the results of the serological cross-reactions between the bacterial strains and the four antisera. The various strains included under each serotype generally behaved in essentially the same manner. All strains stained strongly with antisera homologous to their serotypes. (Fig. IA through C rupted layer along the cell periphery or as a bright, rough line of irregular width, sometimes with minute interruptions (Fig. 1B) Fig. 2. An obvious difference among these serotypes at this magnification is the presence of a well-developed "fuzz" on the surface of A. viscosus serotype 2 cells (Fig. 2B) , a much narrower band of fuzz on the surface of A. naeslundii cells ( Fig. 2A) , and the absence of a surface fuzz on the A. viscosus serotype 1 cells (Fig. 2C) . The thickness of the fuzz of A. viscosus serotype 2 cells generally measured more than twice the width of the cell wall. This was not,.true for strains ATCC 19246 and WVU 371, which had an ill-defined layer of fuzz. The individual strands varied greatly in length, frequently branching and connecting with strands from neighboring cells. This was particularly evident in cells immunocoated with homologous antiserum (see Fig. 5A ). By contrast, A. naeslundii cells had a narrow fuzz covering, less than twice the width of the cell wall, consisting of strands of more or less even length (Fig. 2A) .
The basic structure of the cell periphery was similar to that of typical gram-positive cells (Fig.  3) . However, certain differences were noted among the three serotypes grown under these particular experimental conditions. The typical cell periphery consisted chiefly of the cell wall per se (CW), which was composed of two distinct layers, an external, moderately electron-dense structure (CWE) which formed the main component of the CW, and an electron-dense internal layer (CW,) generally in contact with the plasma membrane (Fig. 3C through F) . The plasma membrane consisted of an internal electron-dense layer and an external electron-dense layer separated by an electron-lucent layer. In general, the CWI was in direct contact with the external plasma membrane so that these could not always be resolved as individual layers (Fig.  3C through F) . In some cells of the A. naesulundii and A. viscosus serotype 1 strains a periplasmic space separated the CW from the plasma membrane so that the CWI was distinguishable from the external plasma membrane (PME in Fig. 3G and H) .
A. viscosus serotype 2 strains (Fig. 3A and B ) differed from the other serotypes (Fig. 3C  through H (Fig. 4B) . When a coating was formed, it appeared to be localized to the narrow zone of fuzz surrounding the cell wall. No immunocoating was detected after A. naeslundii cells were exposed to antiserum to A. viscosus serotype 1 followed by goat anti-rabbit IgG (Fig. 4C) .
When A. viscosus serotype 2 cells were exposed to either one of the A. viscosus serotype 2 antisera followed by goat anti-rabbit IgG, the distribution of the coating was distinct from that seen for the other serotypes. In most of the strains of this serotype (ATCC 19246 and its derivative WVU 371 excepted) the strands of fuzz were clearly outlined by the coating which covered the strands and also surrounded the CW (Fig. 5A) . In some of the cells, the coating surrounding the CW was separated from the CW per se by an electron-lucent zone approximately as wide as the coating, which contained fine filaments radiating from the CW surface to the coating as well as isolated strands of coated fuzz. The presence of this electron-lucent zone appeared limited to portions of the cell surface bearing electron-dense granules, approximately 10 to 30 nm in diameter (Fig. 5B) . When the ATCC 19246 and WVU 371 strains were exposed to either of the two antisera against A. viscosus serotype 2 followed by goat anti-rabbit IgG, a relatively uniform coating was formed on the cell surface, with an appearance similar to that reported above for A. naeslundii cells reacted with antiserum to A. naeslundii (Fig. 4A) .
In the presence of antiserum to A. naeslundii followed by goat anti-rabbit IgG, the A. viscosus serotype 2 cells were coated in a patchy manner along the strands of fuzz radiating from the surface. The immunocoating material was deposited in more or less globular clumps, approximately 30 to 40 nm wide, with frequent gaps between adjacent clumps (Fig. 6A) . No immunocoating was detectable when A. viscosus serotype 2 cells were reacted with antiserum to the A. viscosus serotype 1 strain T6 followed by goat anti-rabbit IgG (Fig. 6B) .
When A. viscosus serotype 1 strains were exposed to homologous antiserum followed by goat anti-rabbit IgG, a distinct, continuous but uneven coat was formed on the cell wall surface. The thickness of the coating ranged from 30 to 130 nm, with isolated areas measuring up to 250 nm (Fig. 7A) . In the presence of heterologous antiserum against either an A. naeslundii or an A. viscosus serotype 2 strain, only patches of electron-dense material separated by wide, nonlabeled gaps appeared along the cell surface ( Fig.  7B and C) .
No immunocoating was detected in any of the control strains exposed to normal (preimmune) rabbit serum followed by goat anti-rabbit IgG or to goat anti-rabbit IgG only. DISCUSSION The results obtained in this study with indirect fluorescent antibody labeling duplicate in part those of other investigators who have attempted to label various Actinomyces species with fluorescent antibodies. Thus, Bellack and Jordan (1) reported that high-titer antisera to rodent strains of A. viscosus, including T6, labeled homologous cells but did not generally label A. viscosus cells of human origin. No antisera to human strains were tested on the animal strains. Gerencser and Slack (6) pointed out that animal strains of A. viscosus (serotype 1) were serologically distinct from human strains (serotype 2). Furthermore, A. L. Coykendall, T. W. Lee, and A. T. Brown (Int. Assoc. Dent. Res. Gen. Meet. 52nd, Abstr. no. 74, 1974) demonstrated sufficiently great discrepancies in percent guanine plus cytosine among animal and human strains to warrant placing them in different species. Holmberg and Forsum (8) noted that "dilution of conjugates eliminated most cross-reactions at low titers and rendered the conjugates species specific at dilutions of 1:32 to 1:64." To avoid nonspecific reactions with Staphylococcus aureus protein A, they recommended the use of F(ab')2 fragments rather than whole IgG. It should be noted that S. aureus is an infrequent member of the periodontal flora. Therefore, nonspecific cross-reactions with protein A should not constitute a serious problem when localization of selected microorganisms in dental plaque is attempted.
Our observation that A. naeslundii serotype 1 and A. viscosus serotype 2 strains failed to react with antiserum to A. viscosus serotype 1 but that the reverse was not true, at least at low titers, agrees with the statement by Gerencser and Slack (7) that low-titer, one-way cross-reactions can be expected between A. naeslundii or A. viscosus serotype 2 and A. viscosus serotype 1. Whereas a number of reports dealing with immunofluorescent labeling of Actinomyces cells have indicated that various intensities of labeling occur, variation in the distribution of the label on the cell surface has not been given much attention. It would appear from our observations that, with the exception of ATCC 19246 and its derivative WVU 371, the distribution of the fluorescent label on the cell surface may also be useful in distinguishing among the 
